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CALCULATING  TEHPERATURE  OF  TURBINE  BLADES  HIT H EFFUSION  COOLING 

T.  I.  Lokay,  S.  G.  Dezider'yev 

Calculations  show  that  when  the  paraaeters  of  the  t eking  fluid 
are  sufficiently  high,  internal  convective  cooling  of  turbine  blades 
is  ineffective.  The  teaperature  of  the  outer  surface  of  the  blade 
reaains  inadaissibly  high  and  the  teaperature  gradient  in  the  sleeve 
is  too  great. 

It  is  for  this  reason  that  the  so  called  effusion  aethod  of 
cooling  the  flow  part  [3]  has  been  the  subject  of  ever  increasing 
attention.  The  outer  wall  of  the  turbine  blade  (sleeve)  is  nade  in 


this  case  of  a peraeable  sheet  aaterial. 


1 
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The  low  relative  curvature  of  the  convex  and  concave  parts  of 
the  blade  profile  aake  it  possible  to  analyze  then  approximately  as 
plates.  The  inlet  and  outlet  edges  can  be  regarded  as  the  walls  of 
cylinders  with  a well  known  approximation.  Presented  in  the  present 
work  are  the  analytical  relationships  for  calculating  the 
distribution  of  temperatures  over  the  thickness  of  porous  blade  vails 
under  boundary  conditions  of  the  third  type,  in  contrast  to  [1]  and 
[2],  where  the  calculation  is  nade  under  the  assunption  that  the 
tenperatures  of  the  coolant  and  the  walls  are  equal,  this  liaitation 
has  been  renoved  in  the  present  article,  increasing  its  accuracy  [4]. 

Temperature  Distribution  with  Respect  to  Wall  Thickness  on  Convex  and 
Concave  Portions  of  the  Profile  (Flat  Wall) 

The  calculation  scheme  is  shown  in  Fig.  1.  Under  stationary 
conditions  for  a wall  element  of  length  dx 

*fx+dx  ?,  dqt  = 0,  |1)  3 

i 

where 


DOC  * 0762 


3 


(2) 

1 

(3) 

<«) 

H«re  f - the  area  of  the  space  surface  of  the 

wall;  /» 

area  of  cross  section  of  wall  fraae  noraal  to  the  streaa  of  fluid; 

*»  - heat  conductivity  of  wall  and  voluaetric  heat  exchange 
coefficient  averaged  over  thickness;  t,  t„  - teaperature  of  wall  and 
coolant  in  studied  sections. 

The  porosity  of  the  aaterial  is  usually  characterized  by  the 
quantity 

n-^=i_P-  (5) 

p* 

where  P*.  P*  is  the  density  of  the  aaterial  without  pores  (solid)  and 
with  pores,  respectively. 


When  the  structure  of  the  porous  aaterial  is  hoaogeneous,  on  the 
basis  of  (5)  we  easily  coae  to  the  conclusion  that  nuaecically 
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Considering  equality  (6),  fron  expression  (1)  we  find 


dx* 


On  the  other  hand,  according  to  the  equation  of  enthalpies 

dq%  (8) 

where  G0  is  the  nass  flow  rate  of  the  coolant  inside  the  plate  (f  = 1 
■*)  J Cpo  - the  average  isobaric  heat  capacity  of  the  coolant  with 
respect  to  wall  thickness. 

By  conparing  (4)  and  (8) , we  find 

Ot('dt)  = % (l  — tt)  dx  (9) 


dt* 

dx  OjCpj 


By  jointly  solving  (7)  and  (10) , after  certain  sinple 
nathenatical  transfornations  and  a shift  to  diaensionless  variables 


m up 
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jc  = -f-  »*d  9-=_L#  finally  get 

• *r 


i«+/k,^_*1iL==o. 

dx*  dx*  dx 


(11) 


“•**  *' “ 7Tc~ : ** = ■ 

G,C^,  ip 


The  solution  to  equation  (11)  takes  tbe  fora  of 


9 = C,e',"*+  Cje0*"  + C,efl,\ 


(12) 


•here  at,  a2,  and  a3  are  the  roots  of  the  characteristic  equation 


a*  + kxa%  — kta  = 0. 


(13) 


Pron  (13)  it  follows  directly  that  at  = 0, 


*2.*  = - -4|-  ± yf -f  + k* 


Thus,  we  finally  get 


9 = C,  + C2ea"  + C,c"’7. 


(14) 


Integration  constants  Ct#  C2#  and  C3  are  found  froa  the  boundary 
conditions  of  the  3rd  type  (synbols  shown  in  Pig.  1): 


«kn  x = 0 


where 


whan  x = 1 


9'  — JL  . A _ *0°°  . 

,•  • w0oo T-  . 


*a-o~£(3L- 


where 


ii» 


nhen.*  = 0#  fron  agnation  <7)  in  diaeasionless  torn 


\ dx* 


jf-»0  ).p 


(6'_0U)  =-0, 


nil  era 


Thus,  we  find 


where 


p . p AC,  o 1C] 

ct-  . • — * C«  = — . 


tl  bt(tj)  (1  — b0a3) 

AC,  = |(1  + bra,)e°’\  |(1  + a3br)e“ j . 

•'('-I*)  O-St)  ' 


AC,= 


1 V (i  - Mi) 

1 V |(1+  a,6r)  e°*| 

i ( i-«;+)  . 
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AC,= 


1 (1-M,)  *o~ 

1 [d  + a,bt)e0')  6? 


1 


l (l-M*)  (l  — M.) 

1 |(H-6raS)«n,Un  + b,o3)e°'\ 


Here, 


for  the  sake  of  brevity  we  will  designate 


. 


As  an  example  Fig.  2 shows  the  temperature  distribution  with 
respect  to  wall  thickness,  calculated  by  the  described  method  (curve 
1)  . Here  point  2 narks  the  temperature  of  the  outer  surface  in  the 


case  of  convective  coolant,  calculated  for  the  sane  starting  data  and 
flow  rate  of  the  coolant.  There  is  a sharp  teaperature  in  the  case  of 
porous  cooling.  The  dashed  line  (curve  3)  shows  the  behavior  of  the 
temperature  in  the  wall,  calculated  according  to  the  method  of  [2] 
with  noticeable  temperature  distortion.  Analysis  shows  that 
calculation  error  here  increases  as  the  thermal  head  between  the  gas 
and  the  coolant  increases  and  also  when  v « and  decreases.  This 
increase  may  reach  10-20o/o  [5]. 


Temperature  Distribution  with  Bespect  to  Wall  Thickness  in  Vicinity 


* 
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of  Blade  Edges  (Cylindrical  Sail) 

The  calculation  scheae  and  the  nain  syabols  are  shown  in  Fig.  3. 
Dnder  the  sane  assuaption  used  earlier  froa  the  eguation  of  theraal 
balance 


Qr+dr  Qr  ^?o  — 0 


(18) 


we  can  get 


^+5(7)^  + C(7)*L„o. 

'tr>  dr * d7 


(19) 


Here 


7=  r 


rt  ' i*  ; : (r)  — Ki  + -=* ; 

±-k  , 

r ? m 


where  for  brerity  we  designate 


3,'rr  *vrT 

>7  =*'"  G.C*  “*-1  * 


Equation  (19)  deteraine  the  teaperature  distribution  in  a 
cylindrical  wall  cooled  by  the  effusion  aethod. 


Received  28  June  1967 
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